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INFLUENCE OF 24-HOUR GAMMA-RAY IRRADIATION AT LOW DOSAGE 
ON THE MUTATION RATE IN DROSOPHILA 


By Delta E. Uphoff and Curt Stern 


INTRODUCTION 


The experiments of Spencer and Stern! have shown that irradiation with X rays, at doses as low 
as 25 and 50 r, induces mutation in the sperm of males of Drosophila melanogaster, and that the 
rate of mutation is related to the amount of irradiation in a linear way. These observations, based 
on very large scale tests, imply that no tolerance dose of radiation exists below which mutations 
are not induced. 


The conditions of treatment in the work of Spencer and Stern may be characterized as ‘‘acute 
irradiation,’’ since, in different experiments, between 10 and 22 r were given per minute. In order 
to test the validity of the linear r dose/mutation-frequency relation under conditions of ‘‘chronic 
irradiation,’’ Caspari and Stern? undertook an experiment in which approximately 50 r from a 
radium needle were continuously administered through a period of 21 days. The experiment yielded 
no significant difference in mutation rate between irradiated and control sperm. 


It is not justified to accept without further studies the different outcome of the acute and chronic 
experiments as evidence for the action of different mechanisms in the effect of irradiation on muta- 
tions. There were differences in treatment in the two sets of experiments, relating to differences in 
wavelength of irradiation, temperature, and type of container. None of these differences, however 
appear likely to be the cause of the differences in results. Possible further causes for the inactivity 
of irradiation in the chronic experiment are (1) specific sensitivities of sperm at different stages 
of aging, and (2) dependance on a time factor of induced mutation rate at low dosages. The latter 
supposition could imply a tolerance dose for mutations. The suggestion for such a tolerance dose is 
in conflict with most known facts of radiation genetics. Therefore, new tests hecame necessary. The 
present report deals with one such test. 


The problem investigated was the following: Given the same conditions as to wavelength and 
total dose of irradiation, temperature, type of container, and aging of sperm as in Caspari and 
Stern’s chronic experiment, what would be the genetic effects if the irradiation were administered 
within 24 hours, instead of 21 days? 


METHODS 


The genetic method of measuring the rate of mutation was essentially the same in all experi- 
ments of Spencer and Stern, Caspari and Stern, and the present work. It consisted of determining 
the frequency of lethals in the X chromosome of the Canton Special stock of Drosophila melano- 
gaster, by means of the so-called Muller-5 stock. This method has been described in the earlier 
reports. 


Two slight changes were introduced in the present experiment. The first change concerns the 
definition of a lethal, Caspari and Stern considered the wild-type X chromosome as carrying a 
lethal if no wild-type males appeared among the offspring of a first-generation female, ‘‘even 
though in some cases a smal) number of wild-type males appeared in the following generation.” 
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In the present report a lethal is defined as such when neither the offspring of the first generation 
nor that of the following contained any wild-type males. It will be shown hereafter that the difference 
in defining a lethal is of no significance in the evaluation of the results. 


The second change from former procedure involves an improvement in the ease with which a 
lethal cluster may be detected. Such clusters are brought about by the occurrence of a lethal muta- 
tion in a prespermatid cell of a parental male. Divisions of this cell will result in two, four, or 
more sperm all carrying the same lethal, Caspari and Stern did not record separately cultures of 
F, females according to their origin from specific mothers, Although cultures derived from each 
parental female were kept together in series on the culture trays, no mark indicated where one 
group of cultures ended and another began. Consequently, if for instance two lethals were found in 
two cultures closely located to each other on a tray, it was possible either that they belonged to the 
same group, and thus perhaps were members of a lethal cluster, or that they belonged to different 
groups, and thus were obviously not members of a cluster. While this uncertainty could be overcome 
by localization tests of the lethals, and in any case proved not to be of great importance in the 
present experiment, the limits of each group of cultures derived from one parental female were 
marked, so that even two lethal-containing cultures adjacent to each other on a tray, but belonging 
to two different groups, were immediately recognizable as such. 


For technical reasons it was not advisable to use individual pair matings for the parental 
crosses, Instead, sets of 50 females and 100 males were kept together for mating. As a result, the 
sperm present in the females after insemination was probably rarely derived from a single male. 
Moreover, it cannot be excluded that a male containing a lethal cluster may occasionally have 
inseminated more than one female with sperm carrying lethal members of a cluster, but this prob- 
ably was a rare occurrence, 


The technique of breeding and of treatment in the chronic experiment has been described in 
detail by Caspari and Stern. In brief, it consisted of mating Canton wild-type males and Muller-5 
females to each other, keeping the inseminated females for 21 days either in a control incubator 
providing no irradiation or in an experimental incubator containing a radium needle, and after 21 
days removing both control and experimental females to a culture room, in which they were provided 
with a medium favorable for egg-laying and production of offspring. 


The procedure in the present experiment was indentical with that of the chronic experiment, 
except that all inseminated females were kept together, in shell vials of 7-cm length and 16-mm 
internal diameter, in the control incubator for 20 days, and that the division into control and experi- 
mental sets occurred only during the twenty-first day. At that time the flies were transferred to 
smaller vials, described later. The small vials containing the controls were kept on racks in the 
control incubator, while the experimentals were transferred to the irradiation incubator. 


Muller® has discovered that the spontaneous mutation rate in the sperm varies with time. 
Accordingly all Canton Special males used were of the same age. They had remained together with 
Canton Special females for three days after eclosion. On the fourth day they were separated and 
mated to Muller-5 females, with which they remained for three days. After this period the insem- 
inated females were transferred to the control incubator for 20 days, as previously stated. A com- 
parison with Caspari and Stern’s procedure shows some deviations between the two experiments, in 
regard to the age of males and period of mating, but no significance is to be attributed to these 
minor differences. 


In order to administer a dose of about 50 r within the twenty-first day, a stronger radium 
needle than that of the chronic experiment was used, and the distance between the source of radia- 
tion and the organisms was decreased. Instead of 10 mg, a needle containing 20 mg of radium was 
installed, The glass vials containing the inseminated females were arranged in semicircles around 
the needle, on two wooden racks centered on two different levels, one above and one below the i 
radium needle, around an axis which went through the needle, The distance between the centers of 
the needle and of the vials was calculated to be 8.97 cm. These vials were 7.5 cm long, with an 
external diameter of 9 mm and an internal diameter of 7.5 mm. They were filled with food to a_ 
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height of about 2 cm and closed with a cotton plug about 1 cm in png: Thus the apace available to 
the flies was limited to a height of about 4.5 cm. : 


Flies in the center level of this space were exposed to a calculated dose of 50 r per 24 hours, 
while flies above or below the center level received less of more radiation, respectively, if on the 
upper rack; with the reverse relation holding true on the lower rack. Further variations in the 
amount of irradiation of flies were due to variations of location within one height level, in the direc- 
tion away from or toward the radium needle. These variations were small, on account of the 
narrow inner diameter of the vials. Observation of flies showed that, in general, they were evenly 
distributed over the whole available vial space, so it may be assumed that, on the average, the 
desired dose of 50 r was closely approached. 


The incubators were the same as those used by Caspari and Stern, with one feature added, Asa 
protection against irradiation of the experimenter’s hands, a hollow lead cylinder (external diameter 
8.9 cm, interna) diameter 1.27 cm, height 7.6 cm) was installed on a pulley in the irradiation incu- 
bator, This cylinder hung from the ceiling of the incubator and did not interfere with the field of 
irradiated flies. Before the experimenter handled the vials on the irradiation racks, the cylinder 
was lowered in order to cover the radium needle. 


RESULTS 


A total of 90,833 F, females were tested. Of these 48,945 constituted controls and 50,359 experi- 
mentais. No offspring of less than five individuals were obtained from 4,269 control and 3,996 ex- 
perimental females. These “‘sterile’’ cultures have no bearing on the investigation. There remain 
then 44,601 control and 46,232 experimental tests. The former yielded 75 lethals, the latter 131 
lethals (Table 1). The mutation rate for the controls is 0.1682 per cent, and 0.2834 per cent for the 
irradiated sperm. The difference between the two rates is 0.1152 per cent. Tested by f 3, it is highly 
significant, the P value lying far below the one per cent level. 


Table 1. Lethal mutation rate in the X chromosome of Canton Special sperm after different types of 
treatment. 
No. of No. of Mutation rate (per cent) 
Treatment cultures lethals X,* Observed X,* 
tested found 


Controls 44,601 15 0.1366 0.1682 0.2097 


50 rt, 24-hour exposure 46,232 131 0,2410 0.2834 0.3353 
Controls* (adjusted) 56,252 140 0.2127 0.2489 0.2929 
52.5 rt, 21-day exposure + (adjusted) 51,963 148 0.2444 0.2848 0.3338 
Controlst (not adjusted) 56,252 154 0.2356 0.2738 0.3198. 
52.5 rt, 21-day exposure* (not adjusted) 51,963 162 0.2692 0.3118 0.3628 


*Columes X, and X, give the percentage values of which the observed mutation rates would be 
the upper and lower five per cent fiducial limits (five per cent in both tails jointly). 


t Geometric errors in the administration of the radiation are larger than the difference between 
the theoretical values of 50 and 52.5 r. 


t Data of Caspari and Stern. 


In order to check on any nonhomogenetities possibly present in the data, monthly results were 
tabulated (Table 2). There is considerable fluctuation of mutation frequencies in both experimentals 
and controls. No seasonal trend is apparent, nor does there appear to be any correlation between 
the two sets of mutation rates. The earliest control value is particularly low, and the question may 
be raised whether at this initial stage of the project it may reflect a personal bias of the experi- 
menter. It is unlikely that this is the case. It is hard to conceive of a bias resulting in failure to 
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recognize test cultures which, by the complete absence of Canton Special males, indicate the pres- 
ence of a lethal. Indeed, the experimenter very early became aware of the absence of any lethal 
culture within the first of the 7,247 cultures classified during the first two months and was very 
careful in examining each culture in the expectation of a lethal. Nevertheless, only four altogether 
were found during this period. A test for homogenecty of controls resulted in a f* value of 13.8 
(d.f. = 6; P = 0.03). The corresponding data for the experimentals are f * = 6.7, d.f. = 5, P = 0.25. 


Table 2. Lethal mutation rates in the X chromosome of Canton Special sperm obtained in different 
months (1946-1947). 


Experimentals Controls 
No. of No. of Per cent No. of No. of Per cent Difference 

Month. " tests lethals lethals tests lethals lethals Exp.-— Con. 
September - _ = a 7247 4 0.052 2 

October 
November 9557 34 0.3557 5224 il 0.2106 +0.1451 
December 11472 38 0.3312 4532 12 0.2648 +0.0664 
January 10705 30 0.2802 4735 13 0.2767 +0,0035 
February 5250 9 0.1719 10100 17 0.1683 +0.0036 
March 5504 11 0.1999 8275 9 0.1088 +0.0911 
April 3743 9 0.2859 4488 9 0.2005 +0.0854 


In all the six months in which both experimental and control values were obtained, the frequency 
of mutations was higher among the irradiated than the control flies. 


The difference between the mutation rates derived from the total data was 0.1152 per cent in 
favor of a higher rate under the influence of gamma irradiation. This compares with the difference 
of 0.1466 per cent found by Spencer and Stern between the mutation rate after X-ray treatment with 
50 r. Thus the two sets of data yield very similar differences. The agreement becomes still closer 
if, instead of using the observed value of the single X-ray experiment at 50 r, the theoretical values 
are entered, which were calculated from various dosage experiments by means of the maximum 
likelihood method (Spencer and Stern, Figure 2). These theoretical differences between mutation 
rates at 50 r and 0 r (control), based on two slightly different sets of data, are 0.1075 and 0.0985 per 
cent. 


The number of associations of two or more lethals within the progeny of a single parental] fe- 
male was small and equal among control and experimental cultures. Only five such associations 
were found in each group (Table 3). Linkage data were obtained for five of these ten groups of le- 
thals. They showed that among the controls the association of eight lethals represented a lethal 
cluster, since all eight lethals were localized within the same region. The other control association 
of lethals tested, one of the associations of two, likewise proved to be a cluster. Among the experi- 
mental associations, one association of two represented two independent lethals. The other associa- 
tion of two which was tested was a cluster, as well as the one tested association of three. This 
information on lethal clusters is of interest in connection with the problem of the stage in ontogeny 
at which mutations occur. For the main purpose of the present investigation, the clusters may be dis- 
regarded, (See Caspari and Stern.) 


DISCUSSION 


By itself, and in agreement with the results of Spencer and Stern, the present investigation 
would seem to establish the mutation-inducing effect of as low a dose of irradiation as 50 r. 
Furthermore, the close agreement between the observed differences between controls and experi- 
mentals in the two studies would seem to show that the differences in procedure, particularly the 
differences between X rays and gamma rays, higher and lower temperature, and young and aged 
sperm are of no importance for the induced-mutation processes, 
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Table 3. Groups of lethals among the 14, or less, tested 
progeny of individual females. 


No. of 
lethals Number of groups 
in group Controls Experimentals 
2 3 3 
3 sal 2 
4 1 2 
8 1 - 


On the other hand, how can the present results be reconciled with those of Caspari and Stern? 
Instead of the significant difference in mutation rates of 0.1152 per cent here reported, these au- 
thors found an insignificant difference of only 0.0380 per cent. Of the various differences in proce- 
dure between those employed by Spencer and Stern and by Caspari and Stern, all but one have been 
eliminated in the present work. This is the difference between the application of gamma radiation, 
which extended over 21 days in the former and over only 24 hours in the latter. 


To account for the absence of an observed effect of irradiation in the chronic experiment, only 
two obvious causes suggest themselves. One is the possibility that the very low rate of treatment in 
the chronic experiment made possible some kind of recovery of induced mutations. This would be 
contrary to well-founded expectation. The other is the possibility that the lack of significant in- 
crease in experimental mutation rate in Caspari and Stern’s data represents only an unusually low 
chance deviation of a true, higher value, The probability of the chance occurrence of such a devia- 
tion from a value based on Spencer and Stern’s X-radiation treatment of 50 r has been calculated as 
one in 82, and a still lower probability would follow from a consideration of the very extensive data, 
gathered by many authors, on the effects of other dosages. 


Unfortunately, the situation becomes still more obscure if the control mutation rates which were 
found in the chronic and the present experiment are compared. Within statistical limits the control 
rates should be alike, since they were studied in the same stock under closely similar conditions. 
The rate reported by Caspari and Stern, 0.2738 per cent (this report, Table 1, line 5), is signif- 
icantly different from that of the present 0.1682 per cent (Table 1, line 1). In reality, it is not justi- 
fied to use the value 0.2738 per cent in this comparison, since, as was pointed out in the section on 
Methods, the criteria for the identification of lethals were slightly different in the two studies, 


In order to make them strictly comparable, a search was made through the original records of 
the chronic experiment, which resulted im 14 of the 154 control lethals reported by Caspari and 
Stern being cancelled, since they would not be recognized as lethals under the difinition employed in 
the present investigation, Consequently, the adjusted control mutation of the chronic experiment is 
reduced to 0.2489 per cent (Table 1, line 3), which a J? test shows to be still significantly different 
from the present rate of 0.1682 per cent. (A corresponding adjustment for the chronic experimental 
data (Table 1, line 4) reduces the mutation rate to 0.2848 per cent. The difference between the two 
adjusted values is 0,0259 per cent—slightly smaller even than the difference before adjustment). 


The mutation rates among the irradiated sperm in the chronic and in the present experiment 
are strikingly alike, namely 0.2848 (adjusted) and 0.2834 per cent, respectively. It might be sug- 
gested, therefore, that the essential difference in the outcome of the two experiments, namely the 
apparent lack of an effect of irradiation in the former and its presence in the latter, was due to an 
abnormally high control rate in the chronic experiment. There exists, however, independent evi- 
dence not favorable to this interpretation. 


In his extensive studies on the effect of aging on the mutation rate in sperm, H. J. Muller 
(unpublished) has found a weekly increase of about 0.07 per cent for sex-linked lethals in various 
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stocks kept at 25°C, At 18°C, the temperature used for aging in this laboratory, the weekly increase 
may be assumed to be slightly less, perhaps 0.05 per cent. Taking a value of 0.10 per cent, similar 
to that of Spencer and Stern’s control rate, for sperm before aging, the expected control rate after 
aging should be approximately 0.25 per cent. This figure is much closer sa the control rate observed 
by Caspari and Stern than to that found in the present work. 


There remain then several alternative possible interpretations of these experiments. The most 
important of these are: 


1) The findings of Caspari and Stern suggest absence of effect of chronic irradiation, at low 
dose, on the production of mutations. The data of the present report either indicate effectiveness of 
low-dosage irradiation given at a high rate or only simulate such an effect of irradiation due to an 
abnormally low control mutation rate, 


2) There exists always an effect of irradiation on mutation rate, and the divergence of re- 
sults in the two studies is due to an atypically small difference in mutation rate between experi- 
mentals and controls in Caspari and Stern’s data, The causes for this low difference may be acci- 
dental or due to unknown factors. 


Additional data are required to decide between the various alternatives. 


SUMMARY 


1, In order to study the effect of irradiation from radium on the sex-linked lethal mutation 
rate in sperm of the fly Drosophila melanogaster, females were inseminated and, with their inter- 
nally stored sperm, kept for 20 days. During the twenty-first day the experimental flies were irra- 
diated continuously with a total of about 50 r, while others were kept as control. A total of 46,232 
offspring from experimental individuals was tested for lethal mutations, and a total of 44,601 off- 
spring from controls. 


2. The rate of mutation was 0.2834 per cent for the experimentals and 0.1682 per cent for 
controls. The difference between these rates is statistically significant. 


3. In view of the former results on chronic irradiation, as well as of the fact that the control 
rate of the present report is unexpectedly low, a final interpretation of these results cannot be 
offered. Several alternative interpretations are discussed. 
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